Using operant conditioning as a method, we study if Myrmica sabuleti workers can discriminate figures made of different numbers of the same element, different filled shapes or hollow forms and elements differently oriented. The ants effectively discriminate figures containing different numbers of the same element but without counting the elements: their distinguishing is based on the global aspect (dimensions, area) of the figures. They distinguish filled shapes as well as hollow forms when these look different if seen with convexity. For instance, they differentiate well between concave filled shapes or concave hollow forms. They see distinctly an element and the same one rotated if this element, seen with convexity, looks different after its rotation. They perceive until a 30 • rotation of a vertical segment and until a 15 • rotation of a horizontal segment. In conclusion, M. sabuleti workers are sensitive to the number of elements, dimension, shape, form and orientation of visual cues with the restriction that they probably see them with convexity.
Introduction
Ants essentially use odours and chemical signals for performing tasks and communicating. But, many species also employ visual cues, marks and signals to perform acts such as foraging, returning to the nest after having found food (Passera & Aron 2005) and coming back to a precise place (Collett et al. 1992 ) even if having only small eyes (McLeman et al. 2002) . However, though a lot of works exist which study the ants' navigation thanks to landmarks (e.g., Klotz & Reid 1992; Wehner 1996; Nicholson et al. 1999; Pratt et al. 2001; McLeman et al. 2002) , there exists only few studies analysing in detail the ants' visual perception. Moreover, works on the subject (e.g., Jander 1957; Vowles 1965; Voss 1967) deal with species having well-developed eyes. Nearly no work has been done on species having relatively small eyes as have, for instance, ants of the genus Myrmica.
Myrmica sabuleti Meinert, 1861 possesses a shortlasting trail pheromone and use group recruitment system for collecting food (Cammaerts & Cammaerts 1980) . But, obviously, foragers of this species also use visual elements present around them for finding their way (Cammaerts, personal observation) . What can see, which kinds of element can distinguish such workers with relatively small eyes? To answer this question, we undertook a series of ethological works using conditioning as a method and analysing successively some of this species' visual characteristics (Cammaerts 2004d) , several of its visual abilities (present work), its dark and light adaptation (Cammaerts 2005) , its colour vision (Cammaerts 2007a) , its perception of perspective (Cammaerts 2007b ) and its light thresholds for colour discrimination . The present work is thus a step in our investigation on M. sabuleti (a model of an ant with small eyes) visual perception.
Using operant conditioning (Cammaerts 2004c ) as a method, we seek here to discover if these ants can differentiate between figures made of different numbers of elements, between different filled shapes or hollow forms and between elements differently oriented. Of course, in doing so, we paid attention that the chosen experimental patterns were as representative as possible of the natural cues (grass, leaves, branches, stones, pieces of flowers) with which M. sabuleti workers may be confronted while performing visual navigation.
Material and methods
Collection and maintenance of ants Colonies of Myrmica sabuleti were collected from Pont St-Vincent (France, Lorraine), Haut-Martelange (G D of Luxembourg) and Olloy-sur-Viroin (Belgium). These colonies were divided into 2 to 6 small experimental colonies each containing 250 workers, a queen and brood. They were maintained in a laboratory continuously lit during the experiments. The temperature was 20 ± 2 • C and never changed in the course of an experiment; the humidity was high (60-80%) and remained constant during an experiment. Each experimental colony was living in an artificial nest made of c 2008 Institute of Zoology, Slovak Academy of Sciences The ants nested in the glass-tube and were fed with sugared water. They were trained to find meat food (cockroach) in a pyramidal apparatus on the four faces of which a cue was drawn differing from that drawn on the faces of another pyramidal apparatus not provided with food. Not illustrated. After having been trained, the ants were tested in front of two pyramidal apparatus identical to those offered during the training phases, but new and not provided with food. The ants response was then quantified what allowed the assessment of their discrimination between the two cues presented. Each experiment was performed on six experimental colonies.
a glass tube half-filled with water, a cotton plug separating the ants from the water. The tube was deposited into a polyethylene tray (7 × 22 × 47 cm) of which the borders were covered with fluon. A small glass tube filled with sugared water and closed by a cotton plug was permanently lying in the tray, providing the ants with water and sugared food ( Fig. 1 ). Between the experiments, the colonies received a piece of dead cockroach twice a week. This meaty food was taken away eight days before and during the experiments, because it was used as a reward during the training phases.
Materials
To study if Myrmica sabuleti workers can discriminate between two figures differing as for their number of elements, their form or their orientation, we quantified the ants' ability to acquire differential operant conditioning when trained with these two different figures. The two figures, drawn in black, were presented to the ants on the four faces of two pyramidal apparatus, in the centre of each face, so with no difference at all vertically as well as horizontally, as for the location of the centre of each cue. In other words, a different number of elements, or a different filled or hollow shape, or a differently orientated element was drawn on each of the two pyramidal apparatus presented to the ants. Such an apparatus is described in detail in Cammaerts (2004c) and two of them are shown in Fig. 1 .
All the cues used are listed below and shown in Fig. 2 .
To study the visual discrimination between figures made of different numbers of elements, we used: two to three black circles (diameter 8 mm) horizontally positioned, side by side, with a distance of 8 mm between each of them; one to six black vertical segments (width 2 mm; length 2 cm) horizontally positioned, side by side at a distance of 4 mm from each other; and one to three black horizontal segments (width 2 mm; length 2 cm) vertically positioned, side by side with a distance of 4 mm between each other.
To study the visual perception of filled shapes, we used one black square (edge 1.4 cm), one black disk (diameter 1.58 cm), one black triangle (base 2.13 cm; height 1.8 cm) (these three shapes have identical surface areas), one black concave square of which the surface area was identical to that of the normal square, and one black concave triangle of which the surface area was identical to that of the normal triangle.
To study the visual perception of hollow forms, we used one hollow rectangle (L = 3.2 cm; l = 1.6 cm), one hollow ellipse (D = 3.2 cm; d = 1.6 cm), one hollow lozenge (D = 3.2 cm; d = 1.6 cm), one hollow concave rectangle with the same surface area as the normal rectangle, and one hollow concave lozenge with the same surface area as the normal lozenge. All these hollow forms were made of black lines 1 mm thick.
To study the visual perception of the orientation of a cue, we used one filled crescent with straight edge (mathematically named segment of circle) (b = 2 cm; h = 0.5 cm) drawn according to six different orientations, one arc of a circumference (thickness of the line = 1 mm) drawn according to seven different orientations, and one linear segment (thickness 2 mm; length 2 cm) drawn according to 14 different orientations.
Method
The present study is a step of a series of six works dealing with Myrmica sabuleti workers' visual perception. It was thus conducted using similar experimental methods and quantification of the ants' response.
The present work used the differential operant conditioning method described in Cammaerts (2004c) and slightly modified in order to study the discrimination between two different cues.
Each study of one discrimination ability of the ants was performed on a series (labelled A to F) of six experimental colonies (labelled 1 to 6). These colonies were simultaneously submitted successively to a control experiment, a training phase (lasting six days), a first test experiment, a second training phase (lasting three days) and a second test experiment. All these experiments, from the control experiment to the second test, were performed on the foraging area (= the tray) of the societies.
During the training phases, each colony received two pyramidal apparatus, each one with a given cue drawn on each of its four faces, the two pyramidal apparatus differing thus only by their cue. A piece of dead cockroach was deposited into one of the two pyramidal apparatus, that with the same drawing for each of the six tested experimental colonies. If the ants chose that drawing, they obtained food being so rewarded. The drawing associated to the reward was considered as being the correct one. During the six or three training days, the reward was renewed whenever necessary. Moreover, the twelve pyramidal apparatus were turned and relocated several times, but never periodically, on the foraging areas of the colonies. Thanks to these relocations, (1) the ants could not acquire spatial or temporal learning (Cammaerts 2004a) , (2) the ants could not be influenced by pheromone deposit made by themselves or congeners and, (3) each of the two different cues could be seen finally in the same way, from the same distances, under the same angles and during the same times, in the course of the training phases. As for the distances, the larger one was 14 cm (22 cm − 8 cm = the length of the foraging area less the width of the experimental apparatus) and the smaller one was about one cm, when the ants were just in front of the cue. In fact, all along these manipulations, the eventual bias or imperfection were identical for all the presented cues and since we tested the foragers of six colonies, all these bias and imperfection cancelled out each other. Fig. 2 . Cues presented to the ants, according to the ants' discrimination ability studied. These cues were drawn with black ink in the centre of each of the four faces of a pyramidal apparatus deposited in the tray of an experimental colony (see Fig. 1 ).
During the control and test phases of the experiments, the two pyramidal apparatus used during the training phases were either not given or taken away from each of the tested colonies, and two other ones which were new (meaning without any pheromonal deposit) and without food, but identical (i.e., with exactly the same cues) were deposited on the foraging area of the six societies, at places other than the location of the pyramidal apparatus at the end of the preceding training phase. The ants' response was then quantified (at a group level, but see comments in the discussion) as follows. During a 15 min period, the ants present on each pyramidal apparatus were counted at the end of each minute and subsequently the mean numbers of ants were calculated firstly for each colony and each of the two pyramidal apparatus (Tables 1, 2, 4, 6 last part), and secondly for all the six colonies and for each of the two pyramidal apparatus (Tables 1-6). From the latter means, the percentage of ants present on the "correct" pyramidal apparatus (the one which contained food during the training phases) could be calculated for the control experiment and for each of the two test experiments. The mean of the two "test" percentages could also be established.
Statistical analysis
For each control and test experiment, and for each of the six tested colonies, the differences between the mean number of ants present on the "correct" pyramidal apparatus and that of ants present on the "wrong" apparatus was calculated. The six differences obtained thanks to a test experiment were then compared with the six corresponding Explanations: Columns 2 to 7 -mean numbers of ants of each colony present on each of the two pyramidal apparatus presented (each apparatus with a different cue); column 8 -mean numbers of the previous mean numbers; column 9 -percentage of ants having been present on the "correct" pyramidal apparatus (i.e., the one provided with food during the training phases); columns 10-12 -results of non parametric Wilcoxon tests between the numbers of ants obtained during the tests and those obtained during the control (N , T , P -according to the symbolism used in Siegel & Castellan 1988) .
differences obtained thanks to the previous control experiment, using the non-parametric test of Wilcoxon (Siegel & Castellan 1988) . One-tailed tests were performed and the "test" differences were estimated to be larger than the corresponding "control" ones (that is the mean numbers of ants having correctly responded were estimated to be larger after the training phase than before) when P < 0.06. The choice ratios were also statistically analysed thanks to the binomial test, but this test appeared to be less powerful than the Wilcoxon one which took into account each of the six colonies' responses. The binomial test results brought no other information than those already given by the Wilcoxon test and was thus not reported.
Results
Visual discrimination of figures made of different numbers of elements After having been trained during six days, Myrmica sabuleti workers were able to distinguish between figures made of one and two as well as two and three black disks, horizontally presented in front of them. A second test performed after three more training days confirmed this discrimination ( Table 1 , the two first parts). In the same way, these workers could distinguish figures made of one and two as well as two and three black linear segments, these segments being either vertical ones horizontally placed, side by side, or horizontal ones vertically placed, side by side ( Table 1 , the four last parts). This ability could be accomplished by counting the elements or by estimating the global aspect -the width and height of the entire cues for instance -an ambiguity the experiment related below attempted to resolve. So, we tried then to precise if the ants actually distinguished different numbers of elements, establishing a concept of number, or if they based their discrimination on other physical aspects of the cues. Following calculation of our results, it appeared that the ability of M. sabuleti workers to differentiate between 1 and 2 elements equalled 82% (black disks 61%, 84%; vertical black segments 79%, 82%; horizontal black segments 90%, 94%) while their ability to differentiate between ; second test 62%, N = 6, T = 17, P = 0.11, n.s.). Plotting these results with the ratio between the two numbers of elements presented, indicated that the ants' response varied linearly with (= was an inverse proportional function of) this ratio between the two numbers ( Fig. 3) . The ants' reac- Explanations: Summaries of the results of six experiments. For each one of them, columns 2 and 3 -mean numbers of ants present, during the control and the two tests, on each of the two pyramidal apparatus presented; column 4 -for the control and the two tests, the percentage of ants having been present on the "correct" pyramidal apparatus (i.e., the one provided with food during the training phases); column 5 -results of non parametric Wilcoxon tests made between the numbers of ants obtained during the tests and those obtained during the control.
tion changed thus progressively and not abruptly with the numbers of elements perceived. This result suggests that the ants globally perceived the quantity of elements presented without mathematically counting the elements but rather by estimating the dimensions of the figures. Another indication of this is that the ants' discrimination was no more significant when the number of elements equalled five, a number generally assessed with difficulty if perceived globally. Though they globally, "indirectly" estimate a pool of elements (by assessing the dimensions of the entire cue), the ants may be rather sensitive to differences between two cues made of two different numbers of elements. Indeed, they would see no difference at all between two figures made of two different numbers of elements when their response would equal 50%, and Fig. 3 shows that this rate of 50% corresponds to an abscissa of about one, i.e. to a ratio of one between the two numbers of elements the figures contain, a situation occurring when the two numbers are identical. The ants can thus see (though not statistically reacting to) small differences existing in the numbers of the same element two different cues contain.
Visual perception of filled shapes Myrmica sabuleti workers could not distinguish between a black square and a black disk of which the surface areas were identical. In the same way, they did not discriminate between a black disk and a black triangle or between a black triangle and a black square, these shapes having identical surface areas ( Table 2 , the three first parts). During our first study of M. sabuleti workers' vision (Cammaerts 2004d) , we demonstrated that these ants can see underneath, in front, to the side and above themselves without moving their head. They probably see nearly all around themselves and may consequently see their environment with convexity. For them, a square as well as a triangle would look nearly circular and would be therefore rather diffi-cult to distinguish from a disk. This is the reason why, having tested M. sabuleti workers in front of a square and a triangle versus a disk, we tested them again, in the course of three different experiments, in front of a concave square and a disk, a concave triangle and a disk, and finally a concave square and a concave triangle (these shapes being evidently filled and having the same surface area). In all three cases, M. sabuleti workers could distinguish the two shapes ( Table 2 , the three last parts). This result shows that concave shapes are well distinguished from one another contrary to normal shapes which appear rather similar for the ants. This is due to how the ants see their environment.
Visual perception of hollow forms Myrmica sabuleti workers could not distinguish between a hollow rectangle and a hollow ellipse or between a hollow lozenge and a hollow ellipse ( Table 3 , the two first left parts). Nevertheless, they saw distinctly the hollow rectangle and lozenge ( Table 3 , the last left part). This can be explained by presuming that, for the ants, the hollow rectangle and lozenge would resemble the hollow ellipse, but would look somewhat different from one another because the lozenge was effectively a little smaller than the rectangle. We then performed three different experiments using once a concave hollow rectangle and a hollow ellipse, secondly a concave hollow lozenge and a hollow ellipse, and finally, a concave hollow rectangle and a concave hollow lozenge. Each time, M. sabuleti workers could discriminate between the two hollow shapes ( Table 3 , the three right parts). Our presumption is thus valid: M. sabuleti workers might see their environment with convexity.
Visual perception of the orientation of an element Myrmica sabuleti workers could not differentiate between a solid crescent with straight edge (mathematically: a segment of a circle) and the same 'crescent' rotated 180 • ( Table 4 , the two first parts). This event The legend is identical to that of Table 1 . The legend is the same as that of Table 3 .
could occur if the ants saw with convexity the element presented. Indeed, if so, a solid crescent with straight edge will have nearly the same aspect, form, after a 180 • rotation. On the contrary, an arc of circumference has another shape after such a rotation, even if seen with convexity. Our results show that M. sabuleti workers saw distinctly an arc of circumference and the same arc rotated 180 • , whatever the initial position of the arc was ( Table 4 , the three last parts).
In the same way, the ants distinguished either an arc of circumference or a solid crescent with straight edge and the same arc or 'crescent' rotated 90 • , the initial element being vertical, horizontal or oblique (Table 5, the six parts).
The visual perception of rotations less than 90 • was studied using linear segments as elements. The ants could distinguish vertical or horizontal segments and the same segments rotated 45 • , irrespective of the direction of that rotation (Table 6 , rotation of 45 • ). They could also perceive a rotation of 30 • of a vertical or a horizontal segment, in either direction (Table 6, rotation of 30 • ), but this time, a quantitative difference appeared between their perception of the ro-tation of a vertical segment and that of the rotation of a horizontal segment. Indeed, the first perception had a mean rate of 69% (mean of 69%, 66%, 69%, 71%), while the mean rate of the latter perception equalled 81% (mean of 79%, 83%, 84%, 76%) ( Table 6 , rota-tion of 30 • , the two left parts versus the two right parts). M. sabuleti workers appeared to be unable to distinguish a vertical segment from the same segment rotated 15 • in either direction (Table 6 , rotation of 15 • , the two left parts). However, they could differentiate between a horizontal segment and the same segment rotated 15 • in either direction, their ability to differentiate equalling 77% (mean of 81%, 75%, 75%, 76%; Table 6 , rotation of 15 • , the two right parts).
They did not statistically perceive a rotation of 7 • 30 in either direction of a horizontal segment though their ability to differentiate had still a mean value of 63% (mean of 72%, 60%, 55%, 63%; Table 6 , rotation of 7 • 30 from the horizontal). During a final experiment the ants had to choose between two linear segments making with the horizontal an angle of 7 • 30 , one segment in one direction, the other in the opposing one. The ants could differentiate between the two segments with a mean ability of 72% (Table 6 , last part).
M. sabuleti workers are thus able to perceive the orientation of an element, and are more sensitive to a rotation from the horizontal than to a rotation from the vertical.
Discussion
This work analyses Myrmica sabuleti workers' visual perception of figures containing different numbers of elements, of filled shapes, of hollow forms, and of elements differently oriented. The ants distinguished two figures made of two different numbers of the same element but without counting the elements, only by globally assessing the dimensions, the aspect of the figures. Myrmica sabuleti workers saw distinctly different filled shapes except when those shapes were similar when seen with convexity. They saw distinctly different hollow forms if these forms seen with convexity looked different. They perceived a rotation of 180 • , 90 • or 45 • of an element (a solid crescent with straight edge, an arc of circumference, a linear segment) except when the element seen with convexity had a similar shape after its rotation. They also perceived a rotation of 30 • of a linear segment from the vertical (rate 69%), but not a similar rotation of 15 • . They perceived a rotation of 30 • of a linear segment from the horizontal (rate 81%), and a similar rotation of 15 • (rate 77%). They did not perceive a similar rotation of 7 • 30 (though their rate still equals 63%) but saw distinctly two linear segments making with the horizontal an angle of 7 • 30 , one segment in one direction, the other one in the opposing one. They are thus more sensitive to deviations from the horizontal than to deviations from the vertical.
On the basis of these results and of some experimental details, we can make the following remarks. All the experiments were performed on freely moving ants which therefore saw the cues from several distances and under different angles, just like they see elements of their environment, in nature. A priori, we did not know what kinds of cues the tested ants could see and dis-criminate. We experimented just for that. We begun by only trying to use cues as representative as possible of what foragers may encounter, and we ended by precising what these ants effectively distinguish.
During the control experiments, the ants sometimes went preferentially to one of the two presented cues. In these cases, we paid attention to reinforce (i.e. to associate with a reward) the less visited cue so that, if learning occurred, this event was much more certain than if we had reinforced the initially more visited cue.
Placing something reluctant in the "wrong" apparatus would not have brought ants' better scores or quicker conditioning; the extinction of ants' responses would have just taken longer times (Cammaerts 2004b ). In the present work, how long the ants' conditioning lasted did not matter. So, for each experiment, we only placed rewards in one kind of apparatus and nothing in the other.
The two experimental apparatus used during the tests were new, without any marking or any odour of congeners. Each ant responded to these apparatus only on the basis of its own acquired conditioning. So, what was assessed (i.e. the numbers of counted ants) effectively quantified the ants' response at a group level but reflected (was the consequence of, was determined by) the ants' response at the individual level.
As for our results in general, we want to point out that works on the subject as those of Jander (1957), Vowles (1965) , Voss (1967) are not very numerous and performed on species having large eyes and a good vision (see the 'Introduction'). The species we studied belongs to the genus Myrmica and has thus small eyes and a poor vision. It is the reason why our results are not so pertinent than, though being in agreement with, those of other researchers on the subject. But our study brings precise information on what a "small eyed" ant can visually discriminate. Let us mention that, after having made our six ethological studies of M. sabuleti workers' visual perception (see the 'Introduction'), we undertook a morphological study of these insects' eyes. Firstly, we set up an appropriate method . Then, actually, we study morphologically the eyes of three species of Myrmica and can already affirm that effectively, M. sabuleti workers has small eyes comparatively with the other species (Rachidi et al., in litt.) .
In more details, in the course of our study of M. sabuleti workers' visual perception of figures made of different numbers of elements, we showed that this perception varies linearly with the ratio between the two numbers of elements presented. The linear function was obtained experimentally for abscissa of 1/2, 2/3, 3/4, 4/5, 5/6 . . . We do not know what kind of function exists "lower than" 1/2, that is for ratios of numbers of elements equalling 1/3, 1/4, 1/5, 1/6 . . . The ants' ability to differentiate between such very different numbers of elements may be of good quality, but may never reach a rate of 100%, since there will always exist ants that were not present during the training phases, but which come randomly onto the two pyramidal apparatus pre- Fig. 4 . Responses of humans and ants in an experiment during which "generalisation" is required. During the training phases, the individuals received different kinds of one and two elements, the number one being always rewarded. During the tests, they received another kind of one and two elements. They had thus to analyse their perception during the training phase and to generalise their response during the test phase for finding then the correct response (i.e., one element).
sented during the test phases. Let us add here that we made a complementary (superfluous, not related, but summarized in Fig. 4 ) experiment on ants (and on humans) using figures with 1, 2 or 3 elements. The ants did not succeed in generalising their response during the tests while humans did so. They had thus not analysed the situation experienced during the training and had therefore never established a concept of number (1, 2 or 3).
During this study of the visual perception of figures made of numbers of elements, we obtained better results (i.e., we noticed that the ants' ability to differentiate was better) for vertically positioned elements rather than for horizontally positioned elements. One of our following findings is a better visual perception of a rotation from the horizontal than of a rotation from the vertical. These two results are in agreement since each time a difference along a vertical axis (a difference from the horizontal) is better discriminated than a difference along the horizontal (that is from the vertical axis). This finding is similar to that made by Klotz & Reid (1992) in the course of their study of the use of spatial cues by Tapinoma sessile (Say, 1836) and Camponotus pennsylvanicus (De Geer, 1773) . In one of his numerous studies on bees' vision, Horridge (2005) showed that bees recognise the common centre of black area and do so mainly in the vertical direction. This is in agreement with our observation (made in our laboratory in 2003) of a larger sensitivity of M. sabuleti workers to deviations from the horizontal than to deviations from the vertical.
Also in the course of this study, it appeared that during the control experiments, the ants generally chose the figure containing the largest number of elements, so the largest one. Indeed, the percentages of ants choosing the largest cue during the control experiment equalled 62% (1 vs 2 black circles), 58% (2 vs 3 black circles), 60% (1 vs 2 vertical lines), 54% (2 vs 3 vertical lines), 81% (1 vs 2 horizontal lines), 61% (2 vs 3 horizontal lines). As they globally see these numbers, they commonly went without training toward the "largest" cues. Note that in our experimental work, we took account of this fact and rewarded the ants which chose the "smallest" cue.
As for M. sabuleti workers' discrimination of filled shapes and hollow forms, we showed, among other things, that these ants are unable to differentiate between a square and a triangle. In the course of classical conditioning experiments (Cammaerts 2004a) , we also found that these ants did not differentiate between a triangle and a square. Our present and previous observations are in agreement. Wehner (1981) also stated that bees cannot differentiate well between simple "closed" shapes (such as squares, circles and triangles) though, in some cases, they can (Hempel & Giurfa 2003) . The fruit fly also seems to fail in recognising certain shapes (Dill & Heisenberg 1995) . Horridge (1999) also stated that not all patterns are discriminated or remembered by trained bees. In fact, all happens as if, for insects, the corners of regular filled or empty shapes faded contrary to the corners of concave shapes, thus as if insects saw their environment with convexity.
This deduction is based on ethological results. Nobody knows how images are formed through lens like those of ants' eyes and moreover via several visual units organised in a complex volume. Ethology indicates that ants may see straight lines somewhat curved. At our mind, this may not be an obstacle to their navigation. They memorised cues however they see them and used memorised cues for finding their way. We just made an experimental work confirming our mind (Cammaerts & Lambert, in litt.) . On the other hand, straight lines are not frequent in nature; nearly everything are rather curved. Finally, we made a next experimental work which demonstrated that M. sabuleti foragers use odours as a priority and visual cues secondarily to negotiate their way (Cammaerts & Rachidi, in litt.) . A probable "convex" vision would thus not hinder M. sabuleti foragers' travelling.
To finish with our experiments using shapes and forms, let us recall that the tested ants discriminated the hollow rectangle from the hollow lozenge: the hollow rectangle was a little larger than the hollow lozenge. The ants were thus sensitive to the dimensions of the figures. In all the other cases, the ants failed in distinguishing shapes or forms looking similarly if seen with convexity.
Literature on the subject mentions that very numerous complex patterns have been used by several authors and that a large diversity of responses to these patterns have been used. Nevertheless, theories have been formulated to explain how bees differentiate between different patterns. The "contour density" theory cannot explain the entire pattern recognition, and no statement can be made about the physiological meaning of the term "contour density" (Wehner 1981) . On the other hand, we believe that the concept of Hertz of "figural quality and figural intensity" resolves nothing, since, finally, this means that to recognise a pattern, insects use "the spatial arrangement and the distribution of contours within the pattern" (Wehner 1981) . Such a statement has a loop like logic and leads back to the starting point. In the present work, we used only simple shapes and lines and deduce only one fact (ants differentiate between shapes or lines which are different even if seen with convexity) but this resolves one problem and allows going a step further in the future.
As for our study of the visual perception of the orientation of an element, we want firstly to address one point. The trained then tested ants were freely moving on their tray, turning their head and body, but always staying horizontally. All the figures were presented in the same way, drawn on pyramidal apparatus deposited on the trays in front of the moving ants. These apparatus were relocated several during the training phases. Foragers of six colonies were trained and tested for each experiment. We thus obtained each time a "mean result", a "net effect", with all the bias cancelled out each other (a sentence written by an anonymous referee). Secondly, we would like to recall that before studying M. sabuleti workers' spatial conditioning, we showed that these ants distinguish between the signs | and -, as well as between the sign + and × (Cammaerts 2004b). The two first signs are the same element rotated 90 • ; the two last ones are the same element rotated 45 • . Our previous and present results are thus in agreement. Thirdly, Voss (1967) showed that Formica ants could perceive a rotation of 10 • from the vertical. We found that M. sabuleti could only detect a rotation of 20 • from the vertical though they detect a 10 • rotation from the horizontal. Formica ants have larger eyes than Myrmica ants species: they are thus expected to have a better vision and to be more able as for visual discrimination than M. sabuleti workers. Fourthly, we would like to indicate that the element presented was rotated (180 • , 90 • , 45 • , 30 • , 15 • , 7 • 30 ) with its centre as an axis. This is an exact rotation and therefore differs from what Wehner studied in bees in 1972. Indeed, this author studied the ability of bees to differentiate between different inclinations of a black-and-white disk. The bees were firstly trained with the contrast line inclined 45 • , and secondly tested in the presence of this training inclination. After that, the bees were tested in the presence of several other inclinations differing from the training one by an angular difference of 0 • to 180 • (figures and summary are reported in Wehner 1981) . Bees could differentiate between such different inclinations, even when the difference equalled only 20 • . Wehner (1969) correctly concluded that bees learned positions and not inclinations of black-and-white discs. Even if our experiments differed from those of Wehner, our results on ants' perception of the orientation of an element are in agreement with those of Wehner, since we showed that ants are sensitive to a difference of orientation from the vertical of about 20 • and to a difference of orientation from the horizontal of about 10 • . So, in this task, M. sabuleti appears to be better than bees though these latter have larger eyes and a much better vision. Anyhow, whilst foraging, returning to their nest or to a food site and using visual patterns, it is to the advantage of bees and ants to be sensitive to the orientation of the encountered patterns for not confusing similar patterns differently oriented.
Horridge made a large number of studies on bees' vision, generally using more elaborate techniques than us (Horridge 2000 (Horridge , 2003a (Horridge -d, 2005 (Horridge , 2006 . Among others, this author studied the bees' visual perception of the orientation of cues. He could precise when (that is in which experimental circumstances) bees can and cannot discriminate between two differently orientated cues. Such bees' ability was also studied by Srinivassan et al. (1994) . It seems that the visual detection of the orientation of a cue is an ability more complex than previously thought. The present work brings some information on the subject as for ants.
The variability between the six experimental colonies used during each experiment can be explained by differences in their physiological states (brood etc. . .) as already stated in our previous papers (Cammaerts 2004a-d) , but also by inter-individual as well as intercolonial differences in the size of foragers' eyes (personal observations under a stereomicroscope, mag. 40×). Such variability has been found in bumblebees by Spaethe & Chittka (2003) . We actually analysed this fact in the course of our morphological study of the eyes of three species of Myrmica (see above), aiming also to precise these insects' field of vision and to explain their convex vision as well as their larger sensitivity to deviations from the horizontal than to deviations from the vertical. We also wonder if these ants have an anisotropic vision of their surroundings. Such vision has never been supposed to exist in bees but may exist in the dragonfly thanks of their ocelli (Stange et al. 2002) .
Many future works are still required on ants to know on these insects as much for instance as on bees. Let us cite here two abilities not yet found in ants and wonderfully studied on bees: the concept of sameness and difference (Giurfa et al. 2001 ) and the local-feature assembling in pattern recognition (Stach et al. 2004) . Anyhow, though all is not solved, the present work together with our five other ones on the subject allow to guess what, how and when ants of the genus Myrmica see.
